Introduction
============

Suicide is a leading cause of death. Approximately 30,000 people die by suicide each year in the United States alone (Murphy 2000). Suicide kills more Americans annually than homicides, and although rates vary substantially by age, suicide ranks as the 11th most common cause of death. Attempted suicides are believed to far exceed this number. It is estimated that 10 to 25 nonlethal suicide attempts occur for every completed suicide ([@b34-ndt-3-735]). Moreover, such attempts are responsible for more than 400,000 emergency room visits annually ([@b15-ndt-3-735]). Taken together, suicidal behaviors represent a complex, yet potentially preventable public health problem, with far-reaching personal and societal consequences. Improvements in the identification of risk factors for suicidal behaviors thus ultimately enhance our ability to intervene and prevent death by suicide.

Acute and chronic suicide risk is associated with social, psychological, and biological variables ([@b28-ndt-3-735]; [@b32-ndt-3-735]; [@b43-ndt-3-735]), and such factors are often further divided into precipitating and predisposing causes ([@b33-ndt-3-735]). One growing area of research includes the study of sleep complaints and suicidality. Increasing evidence suggests that disturbances in sleep are associated with an elevated risk for suicidal behaviors. Both sleep disorders and general sleep complaints appear to be linked to greater levels of suicidal ideation and depression, as well as both attempted and completed suicide ([@b25-ndt-3-735]; [@b6-ndt-3-735]; [@b16-ndt-3-735]). In consideration of these findings, sleep problems and more specifically, significant changes in sleep, are now listed among the top 10 warning signs of suicide from the Substance Abuse and Mental Health Services Administration (SAMSHA) ([@b38-ndt-3-735]).

Clinical and epidemiological investigations of self-reported sleep disturbances and suicidal behaviors
======================================================================================================

Poor sleep quality, insomnia, and hypersomnia
---------------------------------------------

Fawcett and colleagues conducted one of the first studies to prospectively examine sleep, depression, and suicide ([@b16-ndt-3-735]). In a group of depressed patients, symptoms of global insomnia were more severe among those who completed suicide within a 13-month period. This finding suggested that insomnia may be considered a clinical indicator of acute suicidal risk, perhaps particularly when it appears in the midst of a depressive episode. [@b6-ndt-3-735] demonstrated a similar link between suicidality, depression, and sleep complaints. Depressed subjects suffering from either hypersomnia or insomnia showed significantly higher scores on measures of suicidality. In a separate study, these authors also examined self-reported sleep quality among depressed patients ([@b7-ndt-3-735]). Subjective sleep quality was significantly more disturbed among suicidal versus nonsuicidal patients.

An association between poor sleep quality and completed suicide has been prospectively studied in several community samples of men and women. Among a large group of elderly participants, for example, poor self-reported sleep quality was linked to suicide within 10 years. Although depression showed the strongest link with suicide, poor sleep quality increased the risk for suicide by 34% ([@b51-ndt-3-735]). A recent investigation conducted in Japan demonstrated similar findings. [@b18-ndt-3-735] showed that, among 13,259 middle-aged adults, only difficulty maintaining sleep at baseline, compared to other sleep disturbances (eg, difficulty initiating sleep, nonrestorative sleep), significantly predicted death by suicide 14 years later. In both of these studies, depression was not accounted for when examining the association between sleep and completed suicide. Such information would elucidate whether sleep disturbance stands alone as a risk factor for completed suicide or, conversely, whether such sleep complaints simply vary with increased depressive symptoms.

Nightmares
----------

Similar to insomnia symptoms, nightmares are more common among suicidal versus nonsuicidal individuals with major depression. Research indicates that depressed patients with self-reported repetitive and frightening dreams are more likely to be classified as suicidal, compared to those without frequent nightmares ([@b5-ndt-3-735]). A similar relationship recently emerged in a prospective, population-based study conducted in Finland. Tanskanen et al revealed an association between nightmare frequency at baseline and completed suicides at follow-up 14 years later ([@b49-ndt-3-735]). Compared to subjects reporting no nightmares, those reporting occasional nightmares were 57% more likely to die by suicide. Among those with frequent nightmares, the risk for suicide increased dramatically; those endorsing frequent nightmares were 105% more likely to die by suicide compared to those reporting no frightening dreams.

[@b10-ndt-3-735] investigated the frequency and severity of nightmare symptoms, depression, and suicidality among 176 clinical outpatients using several validated symptom inventories. Results indicated that nightmares predicted elevated suicidal ideation, and this effect was independent of depression. Although this relationship emerged as a nonsignificant trend (p = 0.06), these findings suggest that nightmares may constitute a unique risk factor for elevated suicidality. More recently, [@b3-ndt-3-735] examined nightmare frequency, insomnia symptoms, and suicide attempt status among depressed patients with and without melancholic features. Depressed patients with melancholic features (N = 100) were compared to depressed patients without these features (N = 49). Participants were categorized further as having a history or no history of suicide attempts. Results revealed that melancholic patients with a history of suicide attempts showed higher rates of nightmares and insomnia symptoms compared to melancholic patients without a history of attempts. This study did not assess sleep variables using objective sleep tests; however, it is perhaps the first investigation to examine melancholic depression, suicidality, and sleep disturbances. The authors theorized that feeling worse in the morning as opposed to later in the day, a hallmark symptom of melancholic depression, may be associated with dream content, more negative affect, and in this way, greater risk for suicidality.

EEG sleep studies, sleep-disordered breathing, and suicidal behaviors
=====================================================================

Sleep abnormalities in depression and suicide have also been investigated using objective measurements of sleep ([@b44-ndt-3-735]). In a retrospective analysis of sleep architecture, Sabo et al compared depressed patients with and without a history of suicide attempts. Electroencephalographic (EEG) sleep studies revealed that those with a history of suicide attempts showed a lower sleep efficiency, a longer sleep latency, and fewer late-night delta counts. More recently, Agargun and Cartwright investigated the relationship between rapid eye movement (REM) sleep, dream variables, and suicidality in depression ([@b4-ndt-3-735]). Compared with nonsuicidal subjects, suicidal patients averaged a shorter REM sleep latency, a higher REM percentage, and a more negative dream-like quality of REM. As with the reports reviewed above, these studies failed to investigate the link between sleep and suicide after accounting for the variance associated with depression.

Apart from nightmares and insomnia, other sleep complaints, such as sleep-disordered breathing, have been researched even less frequently with regard to suicidality and depression. To our knowledge, only one study has investigated the relationship between sleep-disordered breathing, suicidal ideation, and depressive symptoms. Krakow and colleagues examined subjective sleep disturbances in 153 female sexual assault survivors with posttraumatic stress disorder ([@b25-ndt-3-735]). Each woman completed various questionnaires assessing sleep quality, depressive symptoms, and suicidality. Participants were originally recruited for a nightmare-treatment program, which may have inflated the prevalence of other co-occurring sleep complaints. Nonetheless, results indicated that women who experienced a potential sleep breathing disorder also suffered significantly greater levels of depression and suicidal ideation. Problematic breathing during sleep is often associated with frequent arousals throughout the sleep period. These authors speculated that physiological sleep fragmentation might contribute to "emotional exhaustion," which has been reported in patients exhibiting suicidal behavior.

Sleep disturbances, depression, mood regulation, and suicidal behaviors
=======================================================================

Despite the connection observed between sleep and suicide, it remains relatively unclear how these two constructs relate to one another after controlling for depression. In several reports, the association between sleep and suicide did not appear to be entirely independent of depressive symptoms ([@b25-ndt-3-735]), while in other investigations, suicidality and sleep were only assessed among depressed individuals ([@b44-ndt-3-735]; [@b6-ndt-3-735], [@b7-ndt-3-735]). Although sleep disturbances are linked to suicidality, this relationship may largely be explained by higher depression ratings. Only a few studies have examined the connection between suicide and sleep complaints beyond that explained by depression. First, [@b24-ndt-3-735] examined REM sleep in psychotic patients with and without a history of suicide attempts or ideation. Patients with a history of suicidal behavior showed more REM activity, and REM sleep parameters were not correlated with depression scores. When depression ratings were covaried out, differences in sleep remained. Next, in a study by [@b48-ndt-3-735], chronic pain patients (N = 51) were classified as "ideators" or "non-ideators" based on their response to Item 9 on the Beck Depression Inventory (BDI). Those who reported sleep-onset insomnia symptoms were significantly more likely to report suicidal ideation, and this effect was found to be independent of depression severity. In 2005, Bernert and colleagues examined self-reported sleep complaints and suicidality among 176 psychiatric outpatients. After controlling for depressive symptoms and sex, the association between sleep (nightmares specifically) and suicidality remained significant, whereas insomnia and sleep-disordered breathing symptoms and suicidality did not. These results converge somewhat with findings from adolescent investigations. [@b31-ndt-3-735] showed that nightmares were strongly associated with suicidal ideation, even after controlling for mood symptoms; insomnia symptoms did not remain significantly associated with increased ideation after controlling for depression. In contrast to these results, however, another study ([@b41-ndt-3-735]) showed that insomnia was a predictor of elevated suicidal ideation with depression as a covariate. Although these data suggest convergence with regard to nightmares as a unique predictor of ideation, the association between insomnia and suicidality remains mixed.

Mood regulation factors may play a primary role in the relationship between sleep and suicide. Sleep may, for example, fail to provide an emotional refuge for distressed individuals. Frequent nightmares may exacerbate feelings of ineffectiveness, and poor sleep quality may disrupt within-sleep mood regulation processes. This explanation is supported by research conducted among depressed samples. For example, [@b12-ndt-3-735] examined a mood-regulatory hypothesis of dreaming among depressed women over a one-year period. Women reporting more affectively negative dreams early in the night, yet fewer negative dreams at the end of the sleep period, were more likely to achieve remission within one year; in contrast, those reporting few negative dreams at the beginning of the night, yet more negative dreams at the end of the sleep period, were less likely to achieve remission a year later. These findings suggest that the ability to regulate one's mood during sleep has a significant and long-term impact on psychopathology. More recently, [@b4-ndt-3-735] also demonstrated that suicidal patients showed a more negative dream-like quality of REM. Although both of these studies exclusively examined depressed individuals, such reports suggest that dream content and within-sleep mood regulation processes may play a significant role in the association between sleep and suicidality. Future research is needed to determine if: (1) the relationship between mood dysregulation and suicidal behaviors is confined to the sleep period only, or (2) waking-state mood regulation factors also predict elevated suicidal ideation and behaviors. Such studies may, for example, clarify whether or not mood regulation presents risk strictly as a neurological or neurobiological process, or whether it also serves as a risk variable in the form of more broadly-defined, voluntary behaviors occurring during waking states (eg, increased emotional lability). Please see [Table 1](#t1-ndt-3-735){ref-type="table"} for a selected list of all reports examining sleep and suicidality.

Shared neurobiological factors
==============================

The association between sleep disturbances and suicidal behavior suggests that these constructs may also share a common neurobiological basis. Serotonin (5-HT) appears to play a significant role in suicide and in the regulation of sleep. Serotonergic neurotransmission is involved in promoting and modulating behavioral states. Specifically, the release of serotonin appears to be highest during waking states, reduced during slow wave sleep, and lowest during REM sleep ([@b52-ndt-3-735]). Although the link between serotonin and sleep is more complicated than once originally thought, recent research suggests that serotonin release during waking states drives the homeostatic regulation of slow wave sleep ([@b23-ndt-3-735]). Serotonergic dysfunction, particularly a reduction in the synthesis of serotonin, is believed to promote wakefulness ([@b52-ndt-3-735]; [@b1-ndt-3-735]). Interestingly, recent animal research indicates that the sensitivity of serotonin functioning is influenced by sleep loss itself. In rats, [@b42-ndt-3-735] demonstrated that sleep restriction (4 hours) for 8 days resulted in a desensitized 5-HT 1A receptor system, and this effect persisted despite unlimited time for sleep recovery. This study may have important implications for the pathogenesis of other disorders or behaviors associated with serotonergic dysfunction, such as suicidality.

As indicated earlier, serotonergic dysregulation appears to play an important role in conferring risk for suicide. Low cere-brospinal fluid (CSF) concentrations of 5-hydroxyindoleactic acid (5-HIAA) have been consistently observed in patients with a history of suicide. A number of studies have now documented a link between suicidal behavior and low 5-HIAA CSF concentrations, and this connection appears to cut across psychiatric conditions ([@b8-ndt-3-735]). Such studies also indicate that low levels of 5-HIAA CSF among suicide attempters predict future attempts. Those who have completed suicide, compared to controls, also show fewer serotonin transporter sites, more postsynaptic 5HT1A and 5HT2A receptors, and a higher number of less functional neurons ([@b34-ndt-3-735]). A history of suicide attempts has additionally been linked to specific genotypes. According to a recent meta-analysis, psychiatric patients who possess the short allele of the 5-HTTLPR polymorphism show an increased risk for suicide ([@b29-ndt-3-735]).

Future research is warranted to elucidate shared etiological factors for suicide and sleep disturbances. Pharmacological treatments for depression will be an important factor to consider in designing such studies. In general, antidepressants appear to reduce risk for completed suicide, but questions remain as to whether or not such treatments may increase suicidality in some individuals ([@b20-ndt-3-735]; [@b19-ndt-3-735]). Research suggests that discontinuation of tricyclic (TCA) and selective serotonin reuptake inhibitor (SSRI) antidepressants confer up to a 5-fold increased risk for suicidal behaviors ([@b57-ndt-3-735]). Even so, the role of sleep in these situations remains relatively unclear. Active antidepressant treatment appears to induce specific changes in sleep architecture, whereas antidepressant discontinuation also results in sleep disturbances ([@b14-ndt-3-735]; [@b55-ndt-3-735]).

SSRIs have garnered considerable research attention in this regard. Sleep problems associated with SSRI treatment may be explained, in part, at the neurobiological level. Rapid Eye Movement (REM) sleep is inhibited by serotonergic and noradrenergic neurons ([@b47-ndt-3-735]; [@b27-ndt-3-735]), and SSRIs increase the availability of both serotonin and noradrenaline in the brain. In this way, SSRI treatment is associated with REM suppression, and this effect has been observed among normal controls as well as depressed patients ([@b46-ndt-3-735]; [@b54-ndt-3-735]; [@b39-ndt-3-735]). SSRI treatment is also tied to overall decreases in sleep efficiency (ie, percentage of time asleep of time spent in bed) among depressed participants ([@b50-ndt-3-735]); however, the effects of antidepressants on sleep vary considerably by person, dose, and medication type (for review, see [@b35-ndt-3-735]). Taken together, history of antidepres-sant treatment may be an important variable to assess when examining sleep, serotonin, and risk for suicide.

Biological and social zeitgebers
================================

Sleep is a complex behavioral phenomenon, driven by circadian and homeostatic sleep factors ([@b45-ndt-3-735]). Zeitgebers are defined as external time cues that regulate and synchronize our internal body clock ([@b13-ndt-3-735]). Sleep and suicidal behaviors may be influenced by various time cues, which thus far, have received little attention in research. A diurnal variation in the timing of self-injurious behaviors and completed suicide is supported by several reports, although studies have demonstrated conflicting results.

[@b11-ndt-3-735] prospectively assessed 158 patients presenting at a hospital referred for psychiatric assessment due to deliberate self harm. The time of day was recorded for each incident, and patients were asked to complete the Beck Suicide Intent Scale. The authors classified these deliberate self-harm incidents as "suicide attempts," and concluded that the frequency of these acts were highest in the evening (2200--2400) and lowest in the early morning hours (0200--0800). A significant relationship did not emerge for time of day and intent to die; however, those with acts earlier in the day were more likely to be admitted for inpatient medical services (70% vs. 46%). This suggests that suicidal intent does not vary according to the time of day, although behaviors early in the morning had an increased likelihood of inpatient medical hospitalization. Based on these results, the authors therefore concluded that the severity of deliberate self-harm (though not intent to die, according to the Beck Suicide Intent Scale) appeared to vary according to the time of day. Those engaging in deliberate self-harm in the morning were significantly more likely to be older than those engaging in deliberate self-harm in the evening. In a separate study, ambulance report records were retrospectively reviewed for a 7-year period in Tokyo to examine time-of-day and documented suicide attempts. Results indicated that suicide attempts showed a peak earlier in the evening (1800) compared to the morning ([@b36-ndt-3-735]).

[@b40-ndt-3-735] examined diurnal variation in the timing of completed suicides. These authors examined 11,043 males and 3,700 females who died by suicide in Italy over a 4-year period (1994--1997). Among both genders, a significant time-dependent effect was observed in the distribution of suicides. Suicides peaked in the late morning (0800--1100), whereas rates were at their lowest in the late evening hours (2300--0300). When this relationship was examined by age, a bimodal distribution was observed for young and older adults. Those aged 65 and older showed a clear peak in the early morning (0800--1100), whereas young adults (aged 14--24) showed a peak in the late afternoon (1600--1900). Those aged 25--44 showed a less pronounced peak in the middle of the day (1100--1500). [@b53-ndt-3-735] found opposing findings when examining diurnal variation in train suicide rates among 2,830 victims in the Netherlands. Results indicated a 10-fold increased rate in the evening (2200--2400) compared to the early morning hours (0200--0600).

In summary of the above findings, suicide attempts and deliberate self-harm incidents appear to peak in the evening hours across age groups; however, this peak in frequency does not appear to be related to suicidal intent. Those engaging in deliberate self-harm in the morning are more likely to be older in age. For completed suicides, although the lowest rates of suicide tend to occur in the early morning hours, suicide peaks are reported for both the morning and evening. Conflicting results may be explained by the method of suicide, which, in one case, was restricted to train suicides. The distribution of suicides may also vary according to age, and studies differed in the extent to which they accounted for this variable. Additional research is needed to clarify whether suicidal behaviors are, indeed, a function of clock time, and if so, whether this relationship is associated with sleep, the light-dark cycle, and dysregulated mood states. Alternatively, diurnal variation in suicidal behaviors may also be explained by social factors, which may gate the opportunity for deliberate self-harm. For example, [@b11-ndt-3-735] showed a bimodal peak in frequency for deliberate self-harm among older and younger adults (ie, deliberate self-harm among older adults peaked in the morning, whereas self-harm among younger adults peaked in the afternoon). It was theorized that this difference in timing might be explained by age-related differences in daytime schedules and social activities. Specifically, older individuals may be more likely to be alone in the morning, whereas adolescents, due to school schedules, may be more likely to be alone in the afternoon.

The study of chronobiological factors in the relationship between sleep and suicidal behaviors remains a largely unexplored, yet fruitful area of research, and is one which has been suggested elsewhere ([@b2-ndt-3-735]). In studying time-related risk factors, additional research is needed, particularly studies that better define the severity of suicidal behaviors; it will be important for such studies to carefully distinguish suicide attempts and deliberate self-harm with an intent to die from self harm behaviors without suicidal intent. Investigation of the timing of sleep and suicidal acts may inform risk assessment procedures, emergency responding and surveillance, as well as treatment.

Treatment implications and future directions
============================================

Empirically-validated frameworks exist for routinizing suicide risk assessment procedures ([@b22-ndt-3-735]). Decision tree rules and symptom checklists help to prioritize risk and inform clinical decision-making. According to our review of the literature, a more rigorous evaluation of sleep variables may be warranted in such frameworks. Assessing sleep may reveal prognostic indicators for suicidal patients, inform clinical decision-making, and guide the development of more precise risk models for suicide. Delineating risk parameters related to sleep disturbances may also enhance assessment procedures, as well as prevention and intervention efforts. Importantly, sleep may be particularly amenable to treatment. Disturbed sleep, unlike many chronic risk factors, such as a history of suicide attempts ([@b21-ndt-3-735]), has the potential to be undone. As a warning sign, sleep may thus be a particularly useful factor, and a clinically meaningful intervention tool, to assess in the presence of suicidal ideation and depression.

Social rhythms may be an important target for future treatment research in this area. Irregular sleep and social rhythms both appear to serve as risk factors for future episodes of depression and mania ([@b26-ndt-3-735]; [@b9-ndt-3-735]). Moreover, treatments attempting to stabilize sleep and social rhythms appear to be effective in (1) improving medication treatment adherence and (2) reducing the likelihood of depression and mania relapse ([@b56-ndt-3-735]; [@b17-ndt-3-735]). Sleep interventions may deserve further investigation in this regard. For example, it remains unclear whether sleep treatments and sleep psychoeducation may prospectively reduce risk for suicidality.

Several additional gaps in the sleep and suicide literature remain. Many investigations have evaluated suicidal behaviors and sleep symptoms, as well as the cross-sectional association between the two; however, we know of only one study which has formally examined suicidality among specific sleep disorders, such as sleep disordered breathing ([@b25-ndt-3-735]). Future research would do well to explore the prevalence of suicidal behaviors among those with other sleep disorders, such as sleep apnea, restless leg syndrome, primary insomnia, and circadian rhythm sleep disorders. Finally, an excellent review of the recent adolescent literature suggests that the association between sleep and suicidality remains an important yet neglected research area ([@b30-ndt-3-735]). Future studies are needed to examine sleep and suicidality in such populations.

Conclusion
==========

In summary, evidence suggests that suicidal ideation and behaviors are closely associated with sleep disturbances, and in some cases, this association appears to exist above and beyond depression ([@b41-ndt-3-735]; [@b10-ndt-3-735]). Underlying neurobiological factors may, in part, account for this relationship. Suicide attempts and completed suicide are associated with serotonergic dysfunction, and serotonin release is furthermore involved in the regulation of both sleep and waking states. Circadian and homeostatic factors drive sleep, and preliminary evidence suggests that a 24-hour rhythm may exist for the timing of suicidal acts; nonetheless, these findings remain contradictory, and social factors in the timing of suicide and self-harm require further study. Nightmares show a unique association with suicide risk, whereas additional research is needed to clarify the association between insomnia and suicidality. Next, the prevalence of suicidality among specific sleep disorders, both before and after treatment, remains an understudied area. Finally, a study has yet to investigate whether sleep treatment or sleep psychoeducation reduces risk for suicidal behaviors. Sleep complaints may be particularly amenable to treatment. As a warning sign, disturbances in sleep may be especially useful to research and an important clinical target for suicide intervention efforts.
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A selected list of reports examining sleep and suicidality

  Citation                         Year    N        Age group        Design and sample characteristics                                                                                                                                                                 Primary findings                                                                                                                                                                                                                                                                      Assessment of sleep                                                                                                     Assessment of suicidality
  -------------------------------- ------- -------- ---------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------- -----------------------------------------------------------------
  Fawcett et al                    1990    954      Adults           Longitudinal study (Collaborative Study on the Psychobiology of Depression); patients with RDC- defined major affective illness included in study                                                 Increased insomnia symptoms prospectively predicts completed suicide within 13 months                                                                                                                                                                                                 Insomnia item on SADS                                                                                                   Suicide completion; death certificates
  Sabo et al                       1991    43       Adults           Retrospective EEG sleep study; SADS DSM-III- R-defined MDD, including suicide attempters and age-matched depressed and healthy controls                                                           Suicide attempt history significantly predicted increased REM activity and total REM time, increased sleep latency, and decreased late-night delta counts                                                                                                                             Polysomnography                                                                                                         HRSD item 3; SADS suicide subscale
  Keshavan et al                   1994    49       Adults           Retrospective EEG sleep study (2 nights); DSM-III- R-defined schizophrenia or schizoaffective disorder                                                                                            Patients with suicidal behaviors showed significantly increased REM activity; differences remain after after depression scores covaried out                                                                                                                                           Polysomnography                                                                                                         Attempt history (based on review of medical records)
  Agargun et al                    1997a   113      Adults           Cross-sectional study; SADS DSM-III-R-defined MDD patients with hypersomnia (N = 20), insomnia (N = 69), and no sleep disturbances (N = 24)                                                       Patients with hypersomnia and insomnia showed significantly higher suicidal symptom scores compared to those without sleep disturbances                                                                                                                                               SADS sleep items                                                                                                        SADS suicide subscale
  Agargun et al                    1997b   41       Adults           Cross-sectional study; SADS DSM-III-R-defined MDD patients                                                                                                                                        Suicidal depressive patients showed significantly decreased sleep quality, sleep latency, sleep efficiency, and higher PSQI global scores, compared to non- suicidal depressive patients                                                                                              PSQI global and subscale scores                                                                                         SADS suicide subscale
  Agargun et al                    1998    63       Adults           Cross-sectional study; SADS DSM-III-R-defined MDD inpatients and outpatients with (N = 29) and without (34) a history of nightmares                                                               Depressed patients with nightmares, particularly women, showed significantly higher mean suicidal symptom scores compared to depressed patients without nightmares                                                                                                                    Self-reported nightmare frequency                                                                                       SADS suicide subscale
  Krakow et al                     2000    153      Adults           Cross-sectional study of patients enrolled in nightmare-treatment program; DSM-III-R-defined PTSD trauma survivors assessed for potential sleep disorders based on clinical practice parameters   Potential sleep breathing disorders present in 80% of participants, including sleep-disordered breathing, sleep movement disorder, and both disorders; those with sleep disorders show higher depression, suicidality scores                                                          AASM, ASDA clinical guidelines and sleep practice parameters; NFQ; PSQI global score                                    HDRS suicide subscale
  Roberts et al                    2001    5,423    Adole- scents    School-based survey study; students attending class in Houston school district invited to complete self- administered survey                                                                      Insomnia symptoms significantly predict 3-fold increased risk for suicidal symptoms; insomnia and hypersomnia predict 9-fold increased risk for suicidal ideation                                                                                                                     DSD symptom checklist (2 sleep items)                                                                                   DSD symptom checklist (4 suicide items)
  Turvey et al                     2002    14,456   Elderly adults   Longitudinal case-control cohort epidemiological study; multi-site study of community elders                                                                                                      Insomnia symptoms at baseline significantly predict completed suicide within 10 years                                                                                                                                                                                                 Survey item assessing difficulty initiating and maintaining sleep, early morning awakenings, and nonrestorative sleep   Suicide completion; death certificates
  Agargun and Cartwright           2003    26       Adults           EEG sleep study (3 nights); outpatients with DSM- IV-defined MDD                                                                                                                                  Suicidal ideation scores correlated negatively with REM latency and positively with REM percent; patients classified as suicidal showed a lower mean REM latency and a higher mean REM percentage                                                                                     Polysomnography                                                                                                         BDI item 9; HDRS item 3
  Smith, Perlis, Haythornthwaite   2004    51       Adults           Cross-sectional study; outpatients with non-cancer chronic pain presenting at medical center invited to complete self-report surveys                                                              Suicidal ideators showed significantly more (frequent and severe) initial and middle insomnia compared to nonideators; effect independent of depression                                                                                                                               PSQI global score and individual PQSI item (sleep latency for initial insomnia)                                         Item 9 on BDI
  Liu and Tsai                     2004    1,362    Adole- scents    School-based epidemiological survey study; students attending school in Shandong Province, China invited to complete self-administered survey                                                     Short sleep and frequent nightmares significantly predict past suicide attempts and current ideation; after controlling for demographic variables and depression, only nightmares significantly predict past attempts                                                                 YSR 16-item depression subscale                                                                                         YSR suicide items (2 items assess ideation and attempt history)
  Bernert et al                    2005    176      Adults           Cross-sectional survey study; clinical outpatients presenting at community psychology clinic                                                                                                      Insomnia, nightmares, and sleep-breathing problems significantly associated with elevated suicidal symptoms; after controlling for depression, only nightmares significantly predict ideation as nonsignificant trend                                                                 DDNSI total scores; ISI total scores, Sleep-Breathing subscale total scores                                             BSS total scores
  Fujino, Mizoue, Tokui, et al     2005    13,259   Adults           Prospective cohort epidemiological study; general population in select areas of Japan invited to participate in self-administered survey about health- related lifestyle choices                  Difficulty maintaining sleep at baseline significantly predicts completed suicide within 14 years                                                                                                                                                                                     Survey item assessing difficulty initiating and maintaining sleep, early morning awakenings, and nonrestorative sleep   Suicide completion; death certificates
  Agargun et al                    2007    149      Adults           Cross-sectional study; outpatients with DSM- IV-defined MDD with (N = 100) and without melancholic features (N = 49)                                                                              Nightmares significantly more common among melancholic versus non-melancholic depression; among those with melancholic features, those with a past history of suicide attempts demonstrated a higher frequency of middle and terminal insomnia, as well as more frequent nightmares   HDRS items 6,7,8 for insomnia; ICSD- R-defined self- reported nightmares                                                Attempt history

**Abbreviations:** DSM, diagnostic and statistical manual for mental disorders; MDD, major depressive disorder; HRSD, hamilton rating scale for depression; HDRS, hamilton depression rating scale; EEG, electroencephalographic; REM, rapid eye movement; BDI, beck cepression Inventory; BSS, beck scale for suicide ideation; PTSD, posttraumatic stress disorder; SADS, schedule for affective disorders and schizophrenia; DSD, DSM scale for depression; ISI, insomnia severity index; PSQI, pittsburgh sleep quality index; DDNSI, disturbing dreams and nightmare severity index; NFQ, nightmare frequency questionnaire; YSR, youth self-report of child behavior checklist; AASM, american academy of sleep medicine; ASDA, american sleep disorders association.
